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Executive Summary 
Four introduced, invasive species of Spartina, commonly called cordgrasses, have been 
present in estuarine areas of the U.S. west coast for over a century. Recently, a robust hybrid 
cordgrass (S. foliosa x alterniflora) formed in San Francisco Bay that is even more invasive than 
the introduced species. Spartina has not been documented in Alaska, but dispersal studies and 
northerly spread along the coast suggests that one or more Spartina species could spread from 
existing infestations and become established in highly valued Alaska estuaries. Spartina species 
are “ecological engineers” that are capable of causing severe alterations in hydrology and food 
webs that are detrimental to native wildlife,  as well as commercial, subsistence and recreational 
uses of estuaries and the fisheries they support.  
This Alaska Spartina Prevention and Response Plan reviews the known impacts, biology, and 
invasion history of Spartina on the west coast. It outlines strategies for prevention, early 
detection and efficient organization of rapid response efforts following the confirmation of an 
infestation.  The goal of the plan is to prevent the establishment of any Spartina populations and 
to eradicate established infestations if detected within the State’s estuaries or coastal wetlands. 
Five objectives and strategies are described and 31 specific tasks are outlined to achieve this 
goal. These include:  
• Prevention of establishment through vector and source population control. 
• Plan coordination by establishing clear procedures, authorities, and responsibilities for 
action, and a framework for implementation of the Plan. 
• Monitoring to ensure early detection of small infestations that are most easily eradicated. 
• Education and outreach to ensure that the public understands the threat of Spartina to 
Alaska’s natural resources and to recruit citizen and agency personnel in surveillance. 
• Research to increase understanding of vectors of introduction, susceptible habitat, and 
management to enhance efficacy of prevention, detection, and control. 
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Glossary of Terms 
 
Adjuvant – An additive that enhances the effectiveness of the primary chemical (such as 
surfactants, extenders, penetrants, spreaders, stickers) or to modify the characteristics of the tank 
mix (e.g. acidifiers, defoaming agents, drift control agents).  
AKEPIC – Alaska Exotic Plants Information Clearinghouse is a cooperative project between 
the United States Forest Service, the National Park Service, Bureau of Land Management, 
Alaska Natural Heritage Program and the United States Geologic Survey in support of the 
Alaska Committee for Noxious and Invasive Plants Management (CNIPM) and the Strategic 
Plan for Noxious and Invasive Plants Management in Alaska. The website and database of non-
native plants is maintained by the Alaska Natural Heritage Program. 
Cespitose – Growth form where culms and basal leaves of an individual plant arise from the 
same, relatively small root crown; plants are sometimes referred to as tufted or clumped. 
Clone – All descendents of a single plant, produced by vegetative (sometimes called “clonal”) 
growth and/or fragmentation.   
Cumacean – Small, benthic marine crustaceans, common in muddy and sandy sediments 
with most inhabiting sediment surface layers and presumed to be deposit feeders, and others that 
are tube building filter feeders or micropredators. 
El Niño-Southern Oscillation (ENSO) – Commonly called El Niño; a periodic change in the 
atmosphere and ocean of the tropical Pacific region; the warm phase is El Niño while the cool 
phase is La Niña.  
Gross acres – area encompassed by lines connecting the outlying plants infested area 
Guerrilla growth strategy – Pattern of vegetative growth where rhizomes and/or stolons are 
relatively long and often short-lived. Shoots of each clone are widely spaced and advance 
somewhat haphazardly into varying directions, like a guerilla army. 
Monospecific – one species growing in large patches or areas with no or very little 
competition from other plant species 
Net acres – area occupied if all plants in the infested area were a monoculture in one patch 
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Pacific Coast Collaborative – A cooperative group comprised of leaders from Alaska, 
British Columbia, Washington, Oregon, and California; this collaboration formed the Pacific 
Coast Collaborative Agreement which focuses on cooperative action, leadership, and information 
sharing.  The Pacific Coast Collaborative has five priorities (clean energy, energy management, 
regional transportation, research, and innovation, and sustainable regional economies), but does 
not currently focus on invasive species such as Spartina.  (www.pacificcoastcollaborative.org)  
Pacify Flyway – A major north-south migratory route for birds between Alaska, British 
Columbia, West Coast states (west of the Continental Divide), and south as far as Patagonia in 
South America. 
Phalanx growth strategy – Pattern of vegetative growth where rhizomes and/or stolons are 
relatively short and often long-lived. Shoots of each clone are closely spaced and advance along 
a densely packed front, like a Roman phalanx.  Contrast with guerrilla growth strategy. 
Relative sea level rise (RSLR) – The combination of eustatic sea-level (the absolute 
elevation of the earth’s ocean) with regional variations due to subsidence, glacial rebound, 
tectonic uplift, and other factors.  RSLR usually differs from the global average sea level rise.  
Rhizomatous – Having rhizomes 
Rhizome – A horizontal underground stem, often with roots at the nodes; a mode of 
vegetative reproduction 
Scutellum – Structure within a seed; a band of tissue which acts as an absorbing organ; found 
between the embryonic shoot and the endosperm. 
Surfactant – a type of adjuvant; a wetting agent which lowers surface tension of a liquid, 
allowing easier spreading 
Tiller - A vegetative shoot, especially one that sprouts from the base of a grass 
West Coast Governors Agreement On Ocean Health – A regional collaboration between 
Washington, Oregon, and California focused on protection and management of ocean and coastal 
resources along the entire West Coast; the finalized Action Plan calls for the eradication of 
Spartina from the entire West Coast by 2018.  (http://westcoastoceans.gov/action)  
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Spartina Profiles 
See Appendix A for drawings and detailed 
descriptions. 
S. alterniflora - Grows in dense, monospecific 
stands, though isolated small plants are clumpy 
and may appear cespitose.  Inhabits intertidal 
mud flats and, in the Pacific NW, low and high 
salt marshes. Species introduced from eastern 
coast of North America. 
S. anglica - Forms dense monospecific stands; 
isolated small plants are clumpy and may appear 
cespitose . Tolerates a range of substrates, from 
tidal mud flats to sand and cobbled flats; inhabits 
flats and low salt marsh. Fertile offspring of a 
hybrid of the English S. maritima with S. 
alterniflora; introduced world-wide for shoreline 
stabilization and/or cattle forage. 
S. alterniflora x foliosa – Extremely difficult to 
distinguish from S. alterniflora in the field (may 
require DNA analysis); more variable in height, 
pollen and seed production and tolerance to tidal 
inundation than either parent species.   
S. densiflora - Distinguished by its cespitose 
growth habit. Inhabits mid-to- high salt marshes. 
Known to grow in mud or sand flats as well as 
rocky shores, and cobble beaches. Introduced 
from South America.   
S. densiflora x foliosa – Recently recognized 
diploid hybrid known only in limited area of San 
Francisco Bay.  Unlikely to spread/persist due to 
low seed production and local eradication efforts. 
S. patens - Dense, matted perennial forming 
monospecific stands; restricted to upper salt 
marsh.  Introduced from eastern coast of North 
America. 
 
Introduction  
The cordgrasses of the Poaceae family, so called because they were used to make cord (Greek 
sparte = cord or rope), are in the genus Spartina and include 17 species that are indigenous to 
North, Central, and South America, Europe, and North Africa (Mobberley 1956).  Most species 
of Spartina are found growing in estuarine areas on saline substrates; however, a few are native 
to inland areas and tolerate alkaline substrates (e.g., S. gracilis, S. pectinata).  Four species of 
Spartina have been introduced to, and are invasive species in estuaries on the west coast of North 
America. This management plan provides an 
outline of tasks needed to prevent introduction 
of Spartina to Alaska, detect new infestations 
and respond rapidly to all Spartina populations. 
It also includes tasks for outreach, education, 
coordination, and research. 
Spartina growth habit 
Spartina species are robust, perennial grasses 
with stout, upright, densely spaced stems and 
thick mats of roots and rhizomes.  Vegetative 
spread by rhizomes can rapidly expand the area 
covered by a clone.  Clones of Spartina 
alterniflora and S. patens often form circular 
patches of vegetation, spreading radially by 
vegetative means; large clones of these species 
are readily seen from the air.  In some locations, 
S. alterniflora has formed monospecific swards 
that have transformed open tidal mudflats into 
high, salt marsh meadows.  These cordgrasses 
are highly effective at securing resources, often 
exhibiting both phalanx and guerilla growth 
strategies (Bortolus 2006, Nieva et al. 2005, 
Alaska Spartina Plan 
 
2
Proffitt et al. 2003).  S. densiflora can grow in the same habitat as tufted hairgrass, (Deschampsia 
cespitosa) complicating detection from aircraft and boats.  Spartina patens is particularly 
difficult to detect amongst native salt marsh vegetation and small clones are thought capable of 
setting viable seed in both Oregon and Washington (Milne 2007, V. Morgan pers. obs.).   
S. alterniflora exhibits three distinct growth forms in its native east coast habitat: tall, 
medium, and short.  The tall form (4-10 ft) typically grows on the banks of tidal channels, the 
medium form (2-4 ft) is found on levees, and the short form (≤ 1 ft) is found at higher elevations 
with high soil salinities (Adams 1963; Mooring, Cooper et al. 1971, Biber and Caldwell 2008).  
These growth forms are environmentally induced, with nitrogen availability, interstitial salinity 
and oxidation potential of the soil all as possible factors (Howes et al. 1996).   
Spartina anatomy and physiology 
Anatomical and biochemical adaptations permit Spartina species to thrive in estuarine 
habitats on the west coast and to sometimes exclude native species.  Spartina stems contain 
aerenchyma tissue that provides structural support with minimal metabolic load and allow 
oxygen transport to roots, which is critical to survival in anoxic sediments (Maricle and Lee 
2002).  Spartina species also possess salt glands on their leaves that excrete excess salt to 
maintain cellular ionic balance (Seneca 1972; Rozema et al. 1981).  Spartina also uses the C-4 
pathway of carbon fixation, which is more efficient at fixing CO2 than the C-3 pathway in some 
environments (Thompson 1991). 
Spartina anglica and S. alterniflora, often considered the most aggressive species of Spartina 
on the west coast, differ in their tolerance to flooding and anoxic substrates and, consequently, in 
their potential to invade different parts of the intertidal habitat.  S. anglica is more efficient at 
transporting atmospheric oxygen to its roots than S. alterniflora (Mendelssohn, McKee et al. 
1981; Maricle and Lee 2002).  This could account for the greater success of S. anglica in 
colonizing the lower elevations of the intertidal zone.  Accelerating rates of relative sea level rise 
(RSLR), combined with sediment supply, tidal ranges and primary productivity, may alter salt 
marsh habitat for S. alterniflora and other Spartina spp. as well (Morris et al. 2002, Chen et al. 
2008).  In areas with high sediment loads, Spartina may be able to accrete enough sediment to 
reach equilibrium with RSLR, but this will depend on site specific characteristics (Morris et al. 
2002).  Small differences in tidal heights – just a few centimeters – can determine if Spartina 
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invaded mudflats in the San Francisco Bay will transition to high marshes, revert to open mud 
flats or be colonized by eelgrass (Williams and Grosholz 2008).  Sea level rise has been 
proposed as an aid to control of invasive species like Phragmites australis and Lythrum salicaria 
on the east coast of the U.S. where these species have displaced S. alterniflora; because they are 
less tolerant of inundation and anoxic soil conditions compared to Spartina, they may lose their 
present competitive edge (Hellman et al. 2008).    
Spartina reproduction  
Spartina reproduces sexually and vegetatively.  Plants may flower, under optimal conditions, 
in just three to four months (Smart 1982, referenced in Biber and Caldwell 2008).  The Spartina 
inflorescence is a congested spike bearing single-flowered spikelets.  Each flower can produce a 
single seed (an achene).  Individual flowers are protogynous (stigmas mature before stamens), 
although there is overlap in female and male function within an inflorescence since flowers at the 
bottom can have mature stamens while flowers at the top have only mature stigmas.  Thus, self-
fertilization is possible.  Pollination experiments with S. alterniflora have shown that self-
pollinated flowers have lower seed set than outcrossed flowers.  In addition, seeds resulting from 
self pollination did not germinate (Daehler and Strong 1994).  Factors influencing reproductive 
success in Spartina include location of the clone in the intertidal and inbreeding depression, 
especially in populations resulting from very small numbers of founder plants.  The San 
Francisco Bay and Willapa Bay populations consist of mixtures of highly fertile clones and 
virtually sterile clones (Daehler and Strong 1994).  An Allee effect - when populations grow 
more slowly at low densities - has been demonstrated in Willapa Bay and may explain the wide 
range in seed production as well as the lag phase in the invasions; isolated plants produced 
<1/10th the seed produced in coalesced meadows  (Davis et al. 2004a).  Pollen limitation in areas 
with small isolated plants is a major factor driving this Allee effect, which initially slowed the 
rate of spread of the invasion in Willapa Bay (Davis et al. 2004b).     
Vegetative rates of expansion have been estimated for S. patens ranging from 17.78 and 22.86 
cm/year (Milne 2007.  Growing in unvegetated mudflats, S. alterniflora may expand at nearly 
four times that rate (79.3 cm/year) (Feist and Simenstad 2000).  S. densiflora in Humboldt Bay 
was measured to expand at rates of -6 to 26 cm/year when growing amongst other vegetation, 
and at 5 to 56 cm/year when growing in mudflats with no competition (Kittleson and Boyd 
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1997).  Similar expansion rates (18-26 cm/year) have been noted in European infestations of S. 
densiflora (Nieva et al. 2005).    
Spartina seeds require a 3-4 month period of cool, wet storage in order to germinate (Mooring 
et al. 1971; Broome et al. 1974; Seneca 1974) Stratification of seeds appears to require a 
minimum of 4-8 weeks at 4° C in wet storage; storage for greater than four months greatly 
reduces germination rates and seedling survival (Biber and Caldwell 2008).  Plyler and Carrick 
(1993) showed that dormancy can be broken by surgically damaging the scutellum of the embryo 
and restored by treating altered seeds with abscisic acid.  Thus, it is likely that autumn seed 
dispersal into the waters of the marsh, followed by their residence there throughout the winter, 
leaches a germination inhibitor out of the scutellum.  
Spartina seeds can germinate in substrate salinities as high as 40 ppt (seawater is 35 ppt), 
although germination rates are highest at lower salinities (Seneca 1972; Shumway and Bertness 
1992; Wijte and Gallagher 1996, Kittelson and Boyd 1997).  Wijte and Gallagher (1996) also 
found that Spartina seeds would germinate at oxygen concentrations as low as 2.5 percent.  
Interestingly, seedling shoot emergence was faster at lower oxygen concentrations and root 
emergence was slower, possibly allowing the shoot to provide oxygen from the atmosphere to 
the root.  High soil salinities may develop in salt marshes later in the growing season as 
evapotranspiration depletes interstitial soil water.  Thus, seeds germinate in the spring after 
winter rains have replenished soil moisture and diluted soil salt concentrations.  The biomass of 
germinated seedlings is also affected by soil salinity; 50 percent reduction in total biomass was 
observed at salinities of 19.2 ppt or higher (Lewis and Weber 2002). 
Vegetative reproduction occurs by production of new tillers from underground rhizomes.  
Tillers may remain attached to the parent plant or can survive and thrive if detached.  Rototilling 
as a means of control can result in dispersal by rhizome fragments.  Rototilling produced an 
average of 310 fragments per m2 within the top 10 cm of sediment and 87% of these still had 
vegetative shoots attached.  Fragments as small as 2.5 cm in length had high survival rates when 
vegetative fragments were still attached and raised in 0-15 ppt water (Figure 1). Survival was 
considerably lessened across all treatments for those fragments exposed to ocean-strength (35 
ppt) water.  Fragments without attached vegetative stems showed 100% mortality across all 
treatment levels of size, salinity, and floating duration before planting (Greenfield 2005). 
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Figure 1. S. alterniflora rhizome fragment survival over time for Willapa Bay plants.   Treatment 
groups are noted by salinity (•••••••• 0 ppt, ─ • ─ • ─ 15 ppt, and ––– 35 ppt), and rhizome size 
(plain line = small, = large) (Greenfield et al. 2005) 
Spartina dispersal  
Natural dispersal 
Experiments have demonstrated that Spartina plants and plant pieces float in salt water for at 
least two months (Sayce et al. 1997).  During fall and winter Spartina stems break off to form 
large, floating mats of wrack.  The near-shore ocean currents flow predominately northward 
along the Oregon and Washington coasts in fall and winter (the wet season) when moisture laden 
storms with southerly winds move onshore.  When high pressure moves in over these areas, 
northwesterly winds push the currents south along the coastline.  Thus, northerly currents 
typically predominate in the wet season, but southerly currents regularly occur for some portion 
of each season (Hickey 1998).  The early to mid-fall period is of particular concern because it is 
at this time that significant amounts of Spartina wrack bearing mature seeds leave Willapa Bay 
and move into the near-shore ocean.  Spartina wrack has been found repeatedly on ocean 
beaches in Washington, Oregon, and California and large wrack rafts have been reported by 
commercial fisherman many miles off the Washington coastline (F. Grevstad and J. Graves, pers. 
comm. 2003; V. Howard pers. obs.). 
Long-distance, nonhuman dispersal of Spartina spp. occurs via transport of seeds on currents 
and tides.  Huiskes et al. (1995) collected seeds of S. anglica in floating and standing nets in a 
tidal salt marsh in the Netherlands.  Eighty-eight percent of the seeds collected were captured in 
